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METHOD OP CHIiOROPlAST TRANSFOBMATZON XTSl A3TERACEAE 

Field of the invention 

The invention relates to methods of genetically 
5 transforming plant plastids, and morespecif ically to 

genetically transforming the plastid genomes of Asteraceae 
plant species . 
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Background - 

Plant plastids (e.g. chloroplasts, amyloplasts, 
elaioplasts, etioplasts, chromoplasts) are organelles in 
which major biochemial processes (i.e. photosynthesis) take . 
place. In general, plant cells contain between 100-10,000 
copies of a small 120-160 kb circular genome. Since each 
15 molecule has one inverted repeat it is theoretically possible 
to obtain plant cells with 20,000 copies of (a) gene(s) of 
interest, after chloroplast transformation. 

The genetic transformation of the plastid genome 
(plastome) has major advantages over nuclear transformation. 
20 Firstly, in most plant species, plastids are maternally 

inherited, which minimizes out-crossing of transgenes related 
to weeds or other crops. This form of genetic engineering of. 
plants lowers the risk of dissemination of the transgene in 
the environment through pollen dispersal. Furthermore, the 
25 plastid genome is highly polyploid, enabling the introduction 
of many copies per cell which can lead to high accumulation . 
levels of the desired protein (s) , The fact that chloroplasts 
are able to form disulfide bands and to fold human proteins, 
makes this technique ready for the production of 
30 biopharmaceuticals in plants. 

The principle of chloroplast transformation is 
transfer of sequences through homologous recmbination. 
Chloroplast transformation vectors use two targeting vectors 
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that flank the foreign genes and insert them, at a precise, 
predetermined position in the chloroplast genome. Position 
effects and gene silencing, major problems in nuclear 
transformation experiments, have not as yet been observed in 
5 chloroplast transformation events. 

Successful chloroplast transformation of crop plants 
is described thus far only for Solanaceous crops like potato, 
tomato, tobacco ( U.S. Patent Number 5.451,513; Svab et al* 
(1990), Proc. Natl Acad. Sci USA 87:8526-8530) and rapeseed. 
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Detailed description of the invention 

Methods and compositions for an efficient and stable 
transformation of chloroplasts of a lettuce plant are 
provided. DNA constructs are provided for stable 

15 transformation of plastids of multicellular structures and 
plants of lettuce. 

As explant material, plant mesophyl protoplasts are 
used and via PEG transformation transplastomic protoplast- 
derived colonies and regeneration of meristems were obtained. 

20 The DNA constructs comprise a transforming DNA which is 

targeted to a pre-determined location in the plastid genome 
and inserted into the plastid genome by homologous 
recombination. The targeting segments comprise preferred 
sequences* of the lettuce DNA chloroplast genome, i.e. the 

25 trni (oriA) /tr/iA region or the 16S/trnV/ORF70B region of the 
lettuce chloroplast genome. The DNA used for transformation 
contains a non-lethal selectable marker gene which confers a 
selectable phenotype on cells having the plastids with the 
transforming DNA. Furthermore the transforming DNA comprises 

30 at least one additional DNA sequence, such as encoding a 
green fluorescent protein (gfp) . The non-selectable marker 
coding segment preferred, is the coding region of aadA from 
bacteria (E. coli) which encodes aminoglycoside 3 



adenylyltransferase to confer spectinomycin and streptomycin 
resistance. The constructs furthermore are provided with a 
promoter and a terminator sequence functional in plant 
plastids . 
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Legend to Figure 1: . . 

A: PGR products of the ATPase gene. 

1. Marker, 

2. TRSL5-01016 pLCV2-MSK18-l, 
10 3. TRSL5-01016 pLCV2-MSK18-l 

4. TRSL5-02002 pLCV2-MSK18-l-l, 

5. TRSL5-02002 pLCV2-MSK18-l-2, 

6. TRSL5-02002 pLCV2-MSK18-2-l, 

7. TRSL5-02002 pLCV2-MSK18-2-l , 
15 8. TRSL5-02002 pLCV2-MSK18-2-2, 

9 and 10 untransformed callus, 
11 and 12 pLCV2-MSK18 
B: PGR products of the AadA gene. 

1 . Marker, 

20 2. TRSL5-01016 pLCV2-MSK18-l, 

3. TRSL5-01016 pLCV2-MSK18-l 

4. TRSL5-02002 pLCV2-MSK18-l-l, 

5. TRSL5-02002 pLCV2-MSK18-l-2, 

6. TRSL5-02002 pLCV2-MSK18-2-l, 
25 7. TRSL5-02002 pLCV2-MSK18-2-l, 

8. TRSL5-02002 pLCV2-MSK18-2-2, , . 
9 and 10 untransformed callus, 

11 and 12 pLCV2-MSK18 
C: PGR products of the trni junction. 
30 1. Marker, 

2. TRSL5-01016 pLCV2-MSK18-l, 

3. TRSL5-01016 pLCV2-MSK18-l 

4. TRSL5-02002 pLCV2-MSK18-l-l, 
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5. TRSL5-02002 pLCV2-MSK18-l-2, 

6. TRSL5-02002 pLCV2~MSK18-2-l, 

7. TRSL5-02002 pLCV2-MSK18-2-l, 

8. TRSL5-02002 pLCV2-MSK18-2-2, 
5 9 untrans formed callus 

D: PGR products of the trnA junction. 
1* Marker, 

2. TRSL5-01016 pLCV2-MSK18-l, 
3- TRSL5-01016 pLCV2-MSK18-l 
10 4- TRSL5-02002 pLCV2-MSK18-l-l, 

5. TRSL5-02002 pLCV2"-MSK18-l~2, 

6, TRSL5-02002 pLCV2-MSK18~2-l, 
1. TRSL5-02002 pLCV2-iyiSK18-2--l, 
8. TRSL5-02002 pLCV2~MSK18~2-2, 

15 9 untransformed callus 




EXAMPLES 
EXAMPLE 1 

20 Vector constructions 
Construction of LCVl 

The lettuce chloroplast vector LCVl consists of 4571 
bp of lettuce chloroplast genome sequence with a unique 16 bp 
Pacl/AscV site added (Figure 1), cloned into Sacl/Kpnl 

25 restriction sites on the polylinker of a pBluescript SK+ 

backbone vector (Figure 2) . The lettuce sequence spans from 
the rps7/3'-rpsl2 intergenic region to thel6SrRNA/trnI 
intergenic region and corresponds to nucleotide postions 
100021-104387 in the tobacco chloroplast genome (GI accession 

30 number Z00044). An alignment of this lettuce sequence with 
the tobacco chloroplast genome sequence is given in Figure 3* 
The following description of the construction of LCVl is 
outlined in Figure 4 . 



Four primers LCVIA, LCVIB, LCVIC and LCVID were used 
to amplify this region in two halves (LCVIA-B and LCVIC-D) 
and to introduce a unique Pacl/Ascl restriction site in the 
ORF70B/tr/3V intergenic regipn at the position corresponding 
to nt 102367 in the tobacco chloroplast genome. sequence . . DNA 
from clone 6 of the Sacl library of the lettuce chloroplast 
genome (Jansen and Palmer, 1987) was used as a template for 
the LCVl vector. LCVIA and LCVIB amplified a 2575 bp 
fragment (2551 bp lettuce sequence + 24 bp extension) LCVIA-B 
spanning from the rpsl /3' -rpsl2 intergenic to the ORF70B/trnV 
intergenic region (corresponding to 100021-102367 in the. 
tobacco chloroplast genome) . Primer LCVIA contains a Sacl 
site and LCVlB contains Pacl/Ascl sites so that Sacl and 
Pacl/Ascl sites are incorporated at the 5' and 3' end, 
respectively, of the LCVIA-B fragment. The LCVl A-B fragment 
was cloned into the E.colx plasmid vector PCR2.1 to create 
PCR2.1 LCVIA-B. These clones were screened for orientation 
using Sacl and Sacl+Xbal. The Sacl/Xbal insert was cloned 
into the polylinker of pBluescript to create pBSLCVl A-B. 
Primers LCVIC and LCVlD amplified a 2042 bp fragment (2020. bp 
lettuce sequence + 22 bp extension) LCVl C-D. The LCVIC. 
primer contains Pacl/Ascl sites and the LCVlD primer contains 
a Kpnl site so that a Pacl/Ascl and a Kpnl site are added to 
the 5' and 3' end, respectively, of the LCVl C-D fragment. 
The LCVl C-D fragment was cloned into PCR2.1 to create PCR2.1 
LCVl C-D. For the final- cloning^ step, PCR2.1 LCVl C-D was 
restricted with Ascl+Kpnl to release a 2031 base pair insert 
that was ligated to pBS A-B, which was linearised with 
Ascl+Kpnl, creating LCVl. 

Construction of LCV2 

LCV2 consists of a 2253 bp lebtuce chloroplast genome 
sequence (Figure 5) spanning from the 16S rRNA>fcrnI 
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intergenic region to the triiA/23S rRNA intergenic region, 
cloned into the PCR2.1 (Invitrogen) backbone vector (Figure 

6) . This sequence corresponds to nucleotide positions 
104366-106260 in the tobacco chloroplast genome (GI accession 

5 number Z00044) • An alignment of this lettuce sequence with 
the tobacco chloroplast genome sequence is given in (Figure 

7) . The following description of the construction of LCV2 is 
outlined in Figure 8. Four primers LCV2A, LCV2B, LCV2C and 
LCV2D were used to amplify this region in two halves (LCV2A-B 

10 and LCV2C-D) and to introduce unique Pacl/ AsaL restriction 
sites in the intergenic region between the trnl and trnA 
genes at the position corresponding to nucleotide 105370 in 
the tobacco chloroplast genome • For the first half (A-B) of 
the vector, DNA from clone 6 of the Sacl library of the 

15 lettuce chloroplast genome (Jansen and Palmer, 1987) was used 
as a template. Primers LCV2A and LCV2B amplified a 1258 bp 
fragment (1242 bp lettuce sequence + 16 bp extension) (LCV2A- 
B) spanning from 16SrRNA/trnI intergenic region to the 
trnl/trnA intergenic region. This fragment was cloned into 

20 the E. coli plasmid cloning vector PCR2.1 (Invitrogen) to 

create PCR2.1 LCV2A-B. Primer LCV2B contains Pacl/AscX sites 
so that the LCV2A-B fragment has Pacl/Ascl sites at the 
3' end. PCR2.1 LCV2 A-B clones were screened for orientation 
by digestion with Kpnl/Ascl, which releases a fragment of 

25 approximately 1300 bp, and Xhal/Ascl which linearised clones 
with the correct orientation for subsequent cloning. For the 
second half of the vector chloroplast DNA from lettuce 
cultivar Evola (Leen de Moss seeds) was used as a template 
because the entire trnA gene was not contained in a single 

30 clone in the lettuce chloroplast genome library. Primers 

LCV2C and LCV2D amplified a 1011 bp fragment (995 bp lettuce 
sequence + 16 bp extension) LCV2C-D. This sequence spans 
from the trnl/trnA intergenic region to the trnA/23S rRNA 
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20 



intergenic region. Primer LCV2C contains Pacl/Ascl sites so 
the fragment LCV2C-D has Pacl/Ascl sites at its 5' end. This 
fragment was cloned into PCR2.1 to create PCR2.1 LCV2 C-D. 
These clones were screened for orientation using Kpnl+Ascl, 
which linearises clones with required orientation and 
Xbal+Ascl, which releases a fragment of approximately 1000 bp 
in clones with the required orientation. To generate LCV2, 
the 1.3 kb Ascl+Xijal insert from PCR2.1 LCV2C-D was subcloned 
into PCR2.1 LCV2A-B line_arised with Ascl+Xhal. 



Construction of LCV1-MSK18 and LCV2 MSK18 

MSK18 is an expression cassette adapted from pMSKlS 
(Hibberd et al. 1998). Plasmid MSK18 was a gift ..from John 
Gray (Dept. Plant Sciences, University of Cambridge, . Downing 
15 Street, Cambridge CB2 SEA, UK). Full details of the 
construction of pMSKlS have been described previously 
(Hibberd et ai. 1998). The MSK18 expression cassette 
consists of the mGFP coding region (Haselhoff et al. 1997) 
fused to a bacterial trc promoter (Amman and Brosius, 1985), 
and an aadA coding region, derived from pUC-atpX-AAD. 
(Goldschmidt-Clermont, 1991) fused to a tobacco rrn promoter 
derived from pZS197 (Svab and Maliga, 1993). A tobacco psbA 
3' UTR derived from pSZ197 (Svab and Maliga, 1993) is fused 
to the 3' end of the aadA gene (Figure 9) . Using pMSKlB as a 
25 template. Pad and Ascl sites were added by PGR amplifying 
the cassette with primers containing Pad (5') and Ascl (3') 
restriction sites to 5' and 3' ends of the of the MSK18 
expression cassette. The primers used for this were MSK18 A 
(Forward) 5' -tagttaattaaTTGACAATTAATCATCCGGCTCGT-3' and MSK18 
30 B (Reverse) 5' -tagactsasgscTCGAATATAGCTCTTCTTTCTTA-3' . The 

MSK18 A-B PGR product was cloned into PCR2.1 to create PCR2.1 
MSK18. PCR2.1 MSK18 was restricted with Pacl/Ascl to release 
the MSK18 insert that was cloned into the Pacl/Ascl sites in 
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LCVl and LCV2 to create LCV1-MSK18 (Figure 9) and LCV2-MSK18 
(Figure 10) . 



Molecular characterisation of putative LCV2 transplastomic 
5 callus 

Total genomic DNA was extracted from the putatively 
transformed spectinomycin resistant LCV2-MSK18 callus from 
seven independent transformation events designated 1, 2, 3, 
E and G. PGR analysis of this DNA was used to confirm 
10 integration of the LCV2-MSK18 sequence into the lettuce 
chloroplast genome using a combination of primers (Figure 

11) , To eliminate the possibility of amplification of 
unintegrated LCV2~MSK18 plasmid DNA, primers PI and P4 were 
designed from lettuce chloroplast sequences external to the 

15 vector target region- PGR was carried out on DNA isolated 

from all 6 putatively transformed calli. In all cases, PI and 
P4 give two PGR products, a 2476 bp band corresponding to the 
expected size of a product amplified from an untransf ormed 
wild-type chloroplast genome, and a 4623 bp band 

20 corresponding to the size of a PGR product expected from a 
transformed chloroplast genome (Figure 12) . For further 
confirmation of integration, the left and right integration 
junctions were amplified by PGR using primer pairs P1+P2 and 
P3+P4 . Primers P2 and P3 correspond to the trc promoter and 

25 the aadA gene on the MSK18 cassette sequence. As expected, 
PGR amplification with primers P1+P2 and P3+P4 produced 
products of the expected size (1415 bp and 2006 bp) (Figure 

12) . The PGR products from callus sample B were cloned into 
PCR2.1 and sequenced using M13 forward and M13 reverse 

30 primers • These sequences confirmed that LGV2-MSK18 was 
integrated in the lettuce chloroplast genome (Figure 13) . 



EXAMPLE 2 

ObtaAnina .seedlina5 3 and an in vii-ro stock of plant-s 

Protoplasts of plants are isolated from leaf material 
of donor plants. In this example the obtaining .of leaf shoot 
5 cultures is given. 

Seed is being sterilized by subsequent washing in 70% 
ethanol, 0.7% NaOCl solution during 20 minutes and three 
times washing with sterile demineralized water. 
Seeds are sown on Murashige and Skoog (Murashige and Skoog, 

10 Physiol. Plant., 15: 473-497, 1962) medium with saccharose 
2%, without hormones. Preferentially, seeds can be cultured 
at 15 'C for 2 days in the dark, after which the seeds are 
transferred to 25* C in the light (3000 lux, photoperiod 16 hr. 
light/8 hr dark) . When first true leaves appear, shoot tips 

15 are transferred to Murashige and Skoog base^i medium with 3% 
saccharose, without hormones. These sterile shoot cultures 
are grown under similar growth conditions. 

EXXMStE 3 

20 Isolatio n of protoplasts 

Three week old shoot cultures are used for isolation 
of protoplasts. Leaves are cut into small pieces and 
preplasmolysed during 1 hr in the dark in PG solution (54.66 
g/1 sorbitol and 7.35 g/1 CaC]i.2H20) . The PG solution is then 

25 replaced by an enzyme solution with 1% celllulase and 0.25% 
macerozym. Incubation takes, place during 16 iirs in the dark 
at 25*C. 

Subsequently, the suspension is filtered through a 
nylon mesh filter (41]m) en washed with a third of a volume 
30 of CPW16S solution (Frearson, E.M., Power, J.B. & Cocking, 
E.S. (1973), Developmental Biology 33:130-137) by 
centrifugation at 700 rpm during 8 minutes. la this way, 
intact protoplasts are collected on the surface .of the 
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supernatant. Protoplasts are washed in W5 solution (9 g/1 

NaCl, 18.38 g/1 CaC12.2H20, 0.37 g/1 KCL, 0.99 g/1 glucose, 

0.1 g/1 Morpholinoethanesulf onide buffer) by centrif ugation 
at 600 rpm during 5 minutes. With the procedure described, a 

5 protoplast yield of approximately 10-15 x 166 protoplasts 
per gram leaf material. 

EXAMPLE 4 

Selection of protoplast derived calli on spectinomycin • 
10 resistance 

Protoplasts of lettuce, derived as described in 

example 3, are diluted in culture medium ^ B5 (Gamborg et al. 

(1968) Exp. Cell Res. 50:151): 375 mg/1 CaC:t.2H20, 18,35 mg/1 

NaFeEDTA, 270 mg/1 sodium succinate, 103 g/1 saccharose, 0-1 
15 mg/1 2,4 dichlorophenoxyacetic acid (2,4-D) and 0.3 mg/1 6- 

benzylaminopurin (BAP) and set to a culture density of 6 x 

10^ protoplasts per ml. 

The protoplast suspension is mixed 1:1 with H 85 

culture medium with agarose. The agarose beads are plated in 
20 larger petridishes with liquid H 85 culture medium on top of 

it. 

The petri dishes are taped with parafilm and 
cultured at 25* C. One week after initiation of culture the 
culture medium is diluted with fresh liquid H 85 culture 
25 medium. 

When calli are about 0.5 iran in size they are 
transferred to callusgrowth medium SH2 (Schenk R.U. and 
Hildebrandt, A.C. (1972) Can. J. Hot. 50:199-204) with 30 g/1 
saccharose, 5 g/1 agarose, 0.1 mg/1 1-naphtalene acetic acid 
30 (NAA) and 0.1 mg/1 benzylaminopurin (BAP), and the selecting 
agent spectinomycin dihydrochloride at concentrations of 0- 
1000 mg/1. It was found that the optimal concentration of 
selection is 500 mg/1. The non-resistant calli will appear as 
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white calli. They also will grow slower as compared to the 
control calli. 

EXAMPLE 5 

5 Transformation of protoplasts with polyethylene glycol and 
selection for aadA encoded antibiotic resistance 

Protoplasts of lettuce, derived as described in 
example , are set to a density of approximately 1-1.5 x 1© 
protoplasts/0.4-0.6 ml in transformation buffer (0.4 m 
10 mannitol, 15 mM MgCI,, 1% (w/v) Morpholinoethane sulfonate 

(MES), pH 5.8). Subsequently, 10 )il of plasmid suspension (1 ■ 
Ug DNA/ul sterile H3O) is added to the protoplasts as well as 
0.4-0.6 ml PEG solution (40% w/v PEG 6000, 2.36.g/l . 
Ca{N03),.4H,0 and 7.28 g/1 mannitol) . Incubation is performed 
15 at room temperature for 5-30 minutes. Protoplasts are washed 
and resuspended in culture medium V. B5 (Gamborg et al 
(1968) Exp. Cell Res. 50:151): 375 mg/1 CaC^.2H,0, 18.35 mg/1 
NaFeEDTA, 270 mg/1 sodiumsuccinate, 103 g/1 saccharose, 0.1 
mg/1 2,4 dichlorophenoxyacetic acid (2,4-D) arid 0.3 mg/1 6- 
20 benzylaminopurin (BAP) . . 

The protoplast suspension is mixed 1:1 with H B5 
culture medium with agarose. The agarose beads are plated in 
larger petridishes with liquid B5 culture medium on top of 

•1 4- • 



it. 

25 



The Petri dishes are taped with parafilm and 
cultured at 25' C. After 6 days selection of the microcalli is 
performed by adding 500 mg/1 of the selective agent 
spectinomycin dihydrochloride . One week after, initiation of 
culture the culture medium is diluted with fresh liquid H B5 
30 culture medium, with addition of spectinomycin hydrochloride. 
When calli are about 0.5 mm in size they are transferred to 
callusgrowth medium SH2 (Schenk R.u. and Hildebrandt, A.C. 
(1972) can. j. Bot. 50:199-204) with 30 g/1 saccharose, 5 g/1 
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agarose, 0.1 mg/1 1-naphtalene acetic acid (NAA) and 0.1 mg/1 
benzylaminopurin (BAP) , and the selecting agent spectinomycin 
dihydrochloride at concentrations described above • After 2 
weeks calli can be transferred to regeneration medium SHreg 
5 (Schenk R.U. and Hildebrandt,. A.C. (1972) Can. J. Bot. 

50:199-204)- with 15 g/1 saccharose, 15 g/1 maltose, 0.1 mg/1 
NAA and 0.1 mg/1 BAP and spectinomycin dihydrochloride in 
concentrations desribed above. Spectinomycin resistant calli 
will appear as green calli amongst white (non-resistant) 
10 calli. 

Regenerating plants will appear after approximately 
6 weeks and furtheron, and can be transferred to rooting 
medium (Schenk and Hildebrandt, supra) with 30 g/1 saccharose 
and 8 g/1 agar with the concentrations of spectinomycin 

15 dihydrochloride mentioned above. Alternatively, in 

transformation vectors where gfp (green fluorescent protein) 
is added as favourable gene apart from aadA, gfp fluorescence 
can be detected using an inverted microscope with the proper 
filter combinations. 

20 Spectinomycin resistant calli were obtained after 

transformation of protoplasts with the plasmid pLCV2-MSK18 . 
Approximately 40-5.0% of the prptoplast will survive the PEG . 
treatment. Three independent experiments yielded in total 7 
resistant" calli (see Table 1). These green calli were 

25 detected 4-5 weeks after, initiation of each experiment. 
Callus lines of each individual event are maintained. on ■ 
medium SHreg wit the selective agent spectinomycin 
dihydrochloride . 

For pLCVl-MSK18, no resistant calli were detected 

30 as yet. 

Spectinomyin resistance of plant cells may be the 
result, apart from transformation with the vector LCV2-iyiSK18, 
of spontaneous mutation of chloroplast DNA or insertion of 
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the DMA into the .nucelar genome. Therefore, the callus was 
screened for the integration of the right and left homologous 
border segment (see example 9) . Additionally, it was 
determined whether the aadA gene and the gfp gene was 
correctly integrated in the chloroplast DMA. 

The transgenic callus has been obtained using 
vectors with specific lettuce chloroplast DNA homologous 
sequences. Selection of transformed cells with the non-lethal 
selective agent spectinomycin has been succesful. The optimal 
transformation frequency for lettuce, determined as the. 
number of green calli to the number of surviving protoplasts 
is about 1 in 6.10P protoplasts (Table 1, Exp 1 and 3) . . 
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Table 1. Selection of plastid transformants 



Treatment # pps treated# green calli # green calli showlSi" 

regenera-tion 



20 



Eacp 1 



Control 



None 



Control + 
PEG 



1.26 X 10* 



1.26 X 10« 



PLCV2-MSK18 



1.26 X 10* 



Exp 2. 



25 



None 



1.20 X 10* 



PEG • 

PLCV2-MSK18 



2.40 X 10^ 



Bxp 3 



30 



None 

1.20 X 10* 



Control + 

PEG 

PLCV2-MSK18 



4.80 X 10* 



EXAMPI.E 6 

Transformation of protopl^.c,i-.c. .H .a ^l^n^r-r^poration and 
selection on aadA encoded ant -i hi o tic t^.<,\ ^Y^r^n^ 

Protoplasts, derived as described in example 3, 



are 
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suspended in transformation buffer HSB (150 mM KCL, 4 mM 
CaCl2.2H20, 10 mM HEPES (pH 1.2), and enough mannitol to 
osmotically balance the protoplasts. This is dependent on the 
genotype but it can easily be found out experimentally- 
5 Aliquots of 1 x lOP protoplasts /0,5 ml HSB buffer and 

mannitol are put into a conical centrifuge tube, and plasmid 
DNA solution is added. Plasmid DNA concentrations in the 
transformation buffer should preferably be in the range of 
10-100 ug/ml. The protoplast-DNA suspension is transferred to 

10 the electroporation chamber and electroporated using a single 
electric pulse (e.q: 325iJiF, 300 V) The optimal setting can 
vary with species and cell type, and should be determined in 
preliminary experiments. The most efficient parameters are 
set by finding the pulse settings that result in 50% 

15 protoplast death by 24h after the shocks. More details of 
the method are described by G.W. Bates ((1999), Plant 
transformation via protoplast electroporation. From: Methods 
in Molecular Biology Vol 111: Plant cell Culture Protocols, 
Pp 359-373) . 

20 After electroporation, protoplasts culture is 

performed as described in example 4 . 

BXT^IJg; 7 

Adjustment of spectinomvcin threshold levels in co tvledons 
25 For the adjustment of the optimal concentration of 

spectinomycin, for selection of cells with- chloroplasts-, - 
which are transformed with constructs having the aadA gene as 
selectible marker, 4 day old cotyledons were plated on media 
with various concentrations of spectinomycin dihydrochloride • 
30 The cotyledons were obtained as described in example 1. 
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KXAMPLB 8 

TransfprmaUon of plant material via hioH.=^Ho s ^^i^^^jnn 
for aadA ennortad anj-ih-i o tic r«:»5;i «4-ap r.^ 

For bombartment of cotyledons, seeds were sown as 
described in example 1. Alternatively, leaf pieces can be 
used as explant material for shooting, under similar . 
conditions. In this example, the use of cotyledons is 
desribed. Cotyledons (3 to 12 days old) are placed with the. 
abaxial side onto MSI medium (Murashige and Skoog, supra) 
with 30 g/1 saccharose, 8 g/1 agar and supplemented with 100- 
200 mg/1 carbenicillin 0.1 mg/1 benzylaminopurdn (BAP) and 
0.1 mg/1 1- naphtalene acetic acid (1-NAA) at pH.5.8. Gold 
particles (0 . 6 to 1 . 6 pm) were prepared for transformation by ■ 
mixing 50 yil of suspension (60 mg/ml 50% glycerol) with 5yg • 
DNA (lyg/m H,0), 50 m CaCL3.2H,0 (2.5 M) and 20 Ul 
spermidine (0.1 M base). The particle-DNA mixture was 
incubated at room temperature for 1-3 minutes and centrifuged, 
for 3-10 sec. in an Eppendorf centrifuge. After removal of 
the supernatant, the coated particles are washed and diluted 
in 48-60 m ethanol. The particles (6-8 >il per carrier) are . 
applied to the macrocarrier holders and the bombartment is 
performed with PDS-lOOO/He Biolistic particle delivery system 
(BioRad) . Details of the procedure has been described by . 
Klein et *al. (Bio/Technology 6: 559-563 1988) . 

Two to fourteen days after bombartment, the 
cotyledons are transferred to MSI medium as described above • 
with the addition of a selective agent (e.g. spectinomycin 
dhydrochloride at concentration of 500 mg/1) . Cultures are 
transferred onto fresh medium every 2 weeks. When green 
callus or shoots appear, they are transferred to medium MS2 
without carbenicillin, but including the selective agent 
spectinomycin dihydrochloride. 
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Mni^^nnlar analysis of spectin omvcin resistant calli of 
lettuce 

Spectinomycin resistant callus of lettuce was 
5 analysed by PGR using different primer combinations to 
confirm the integration of the plasmid pLCV2-MSK18 in the 
genome of the chloroplast. 

As an endogenous control for chloroplast DNA 
amplification, PGR analysis of the ATPase gene (Accession: 
10 AF162208) was carried out using the forward primer 5'- . 
ACTAATAGTGGACAAATTGGG-3' and the reverse primer 5'- 
TTGCTTGATTGTATTTACTCG-3 ' . To detect the presence of the 
selectable marker gene AadA, the following primer combination 
was used: forward 5 ' ^TATGACGGGCTGATACTGGGC-3 ' and reverse 5'- 
15 AAGTCACCATTGTTGTGCACG-3 ' . In order to demonstrate the 

physical integration- of the plasmid into the . chloroplast 
genome 2 primer combinations were developed which amplify 
hybrid regions of the plasmid and the chloroplast genome. The 
first primer combination consisting of forward 5'- 
20 ACTGGAAGGTGCGGCTGGAT-3' and reverse 5'- 

ACGAGCCGGATGATTAATTGTCAATTAATTAACTA-3' amplifies the junction 
containing the trni sequence of the chloroplast genome. The. 
second primer combination consisting of forward 5'- 
AAGTCACCATTGTTGTGCACG -3' and reverse 5'- 
25 CTCGCCCTTAATTTTAAGGC-3' amplifies the junction containing the 
trnA sequence of the chloroplast genome. • 
Total DNA was isolated from spectinomycin resistant callus 
using a commercially available DNA isolation kit from Sigma 
(Genelute Plant Genome DNA Kit) . The PGR reaction was carried 
30 out using a total amount of 30 ng DNA after which the 

reaction products were analysed on a 1% agarose gel. The 
result of the analysis of 5 independent spectinomycin 
resistant calli is shown in Figure 1. The ATPase fragment of 
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about 424 bp is only present in callus material ■ and leaf 
material of lettuce, and as expected not visible for the pLCV 
MSK18 DNA. PCR amplification of the aadA gene- gave the 
expected fragment of approximately 413 bp for. the transgenic 
5 callus and the plasmid pLCV2-MSK18. To confirm the 

integration of the pLCV2-MSK18 vector into the lettuce 
chloroplast genome, the two primer combinations were used 
which specifically detect either one of the two juntions 
which emerge after integration of the plasmid by homologous 
10 recombination. Figure 1 D shows the amplification of the 
trnAj unction which results in an expected band of approx. 
1500 bp in the spectinomycin resistant callus: The • 
integration on trni junction was investigated ■ using the PC 
indicated above which resulted in an expected. band of 
approximately 1500 bp as well. The results of. this analysis 
confirm the transplastomic nature of the obtained 
spectinomycin resistant letuce calli. 
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CLAIMS 



1. Method for the transf romation of plant plastids 
as described in the description. 

5 2. Compositions for use in the method as claimed in 

claim 1^ 



tact's,™ ve^V'*^'' Chloroplast genome target sequence (not including 



:CGA7^TAGTGTAAA 



kTrr'nii'p 

CTCGATCAATCCCCTTGCCCCTCATTCTTCGAGAATC 



ccgtttttgattattctctttaccaaacatatgcggatccaatScgatS?S^?IIg^ 



I2!?^5^?5?I???"'^c«tgctttggtgggtctccgagatcctttcgatgacctatgt.tgtgtttgttgaa 

-^ggaaccggggaaagtatacagaaaag 

lTATTAGATTAGTCTTAGTTAGTGATC 
TACATTTTGTCTCTGTGGACAGAGGA 

tggattctggcaatgcaatgtacttggactctcAtgTcg^cc^^ 



rTTTGTAGTGAC 



UVTGGA 
ITCATC 
VTAGAA 
SAAACC 
^TCCCA 
JTTCAA 



AAAAAGGGGTTGATCCGTAI 
TTCTCCTACCCGTATCGAAT 

ATGTGCTATGGCTCGAATCCGTAGTCAATCCT ATTTCCGATAGG^^^ 



TTGACTTGGTTCTGCTTCCTCTATTTTTTT^^ 

PTATGAAACC 
TATTTTCCCA 



c 

AGCGGTGGAGCATGTGGTTTAATTCGATGC;;^GCG^G^S^^^ 



TGAAAGAGAGGGGTGCCTTCGGGAACGCGGACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGCCGTAAGGTGT 
TGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTGTTTAGTTGCCATCATTGAGTTTGGAACCCTGAACAGACTG 
CCGGTGATAAGCCGGAGGAAGGTGAGGATGACGTCAAGTCATCATGCCCCTTATGCCCTGGGCGACACACGTGC 
TACAATGGCCGGGACAAAGGGTCGCGATCCCGCGAGGGTGAGCTAACCCCAAA7UVCCCGTCCTCAGTTCGGATT 
GCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCCGGTCAGCCATACGGCGGTGAATCCGTT 
CCCGGGCCTTGTACACACCGCCCGTCACACTATGGGAGCTGGCCATGCCCGAAGTCGTTACCTTAACCGCAAGG 
AGGGGGATGCCGAAGGCAGGGCTAGTGACTGGAGTGAAGTCGTAACAAGGTAGCCGTACTGGAAGGTGCGGCTG 
GATCACCTCCTTTTCAGGGAGAGCTAATGCTTGTTGGGTATTTTGGTTTGACACTGCTTCACACCC7VAAAAAGA 
AGGGAGCTACGTCTGAGTTAAACTTGGAGATGGAAGTCTTCATTTCGTTTCTCGACAGTGAAGTAAGACCAAG 



Sad 



Pad/AsGl (16 bp) 



2551 bp 



3'rps12 



2020 bp 



Kpnl 



70S 



leSrRNA 



LCV1 (7,545 bp) 

pBluescriptSK+ (2968 bp) 



Figure 2. Map of LCV1 (7,535 bp). 



Figure 3. LCV1 lettuce chloropfast genome tai^et sequence aligned with tobacco 
chloroplast genome (Gl Z00044). 



60 



LCVl : 1 gttcaagaatcagttttctttttataagggctaaaatcacttattttggcttttttaccc 

M 1 1 I M I 1 1 1 I 1 1 I M I 1 1 I M I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 M 1 1 u 1 in I [( I I 1 
toi>ac 100021 gttcaagaatcagttttctttttataagggctaaaatcacttattttggcttttttaccc 100080 

ribosomal protein S12 80 k P K K V 



6 



LCVl: 61 



catattgtagggtggatctcgaaagatatgaaagatctccctccaagccgtacatacgac 120 

MiiiN MMiii iniiiUiiiniMiiuniDiiiiiiini) iiiiiiiiii 

tohaci 100081 catattgtagggtggatctcgaaagatatgaaagatctccctccaagccgtacatacgac 100140 
ribosomal protein S12 78 Y K — ' — ^^^^Z 



LCVl: 121 

tobac : 1 
ribosomal protein S12 1 



tttcatcgaatacggctttccgcagaattctatatgtatctatgagatcgagtatggaat 180 

liiiNiiiMinniitiMniitMiiiiiiiuiMiMtntnniNti til 

tobac: 100141 tttcatcgaatacggctttccgcagaattctatatgtatctatgagatcgagtatggaat 100200 



LCVl : - - . 181. ... 

tobac: 100201 
ribosomal protein S12 1 



.tctgtttaQtcactt.taaattgagtatccgtttccctccttttcctgctaggattggaaa 240 

I n i M 1 } II n I M 1 1 1 1 1 i I n ) t II 1 1 1 1 1 1 n i M it i n i n i n u i n i ii i 

tctgtttactcactttaaattgagtatccgtttccctccctttcctgctaggattggaaa 100260 



LCVl : 241 

tobac: 1 
ribosomal protein Si 2 1 

LCVl; 301 

tobac: li 
ribosomal protein S12 1 

LCVl : 360 

tobac: 1 
ribosomal protein S12 1 



tcctgtattttacatatccatacgattgagtccttgggtttccgaaatagtgtaaaaaga 300 

^ MiiiiMiiiiiniiiiiiiiiiiiiiiiiiiimmiiiiiiiiim iNiiii 

tobac: ^ ^ i 100261 tcctgtattttacatatccatacgattgagtccttgggtttccgaaatagtgtaaaaaga 100320 

agtgcttcaaatcattgctatttgactcggacctgttctaaaaa-gtcgaggtatttcga 359 
fNilMl IMItiniililltllllinillllltKlllI tKIIMMKiMI 
^^^^^^ ^ ^ 100321 agtgcttcgaatcattgctatttgactcggacctgttctaaaaaagtcgaggtatttcga 100380 

attgtttgttgacacggacaaagtcagggaaaacctctgaaattttttcaatattgaacc 419 

I III IN I II 1 1 II II fill II iiiiiMiiiniimiim iiiuiiiiniiii 

100381 attgtttgttgacacggacaaagtcagggaaaacctctgaaattatttcaatattgaacc 100440 ! 



^^Vl: 420 ttggacatataatagttccgaatcgaatctctttagaaagaagatcttttgtctcatggt 479 

H n 1 1 n t II 1 li n 1 1 1 i I ( II 1 1 n 1 1 1 1 n I II M I N 1 1 1 1 1 N M 1) 1 1 1 1 1 1 

tobac: 100441 ttggacatataagagttccgaatcgaatctctttagaaagaagatcttttgtctcatggt 100500 
ribosomal protein S12 1 ZZ^ 

480 agcctgctccagtccccttacgaaactttcgttattgggttagccatacacttcacatgt 539 

^ ^ illl IIMlNNnillMllltltlin till MUM Mil (IHMi INItl lit 

tobac: 100501 agcctgctccagtccccttacgaaactttcgttattgggttagccatacacttcacatgt 100560 

ribosomal protein SI 2 1 ~ , ^-^^^ ^ ^^Z^ 

540 ttctagcgattcacatggcatcatcaaatgatacaagtcttggataagaatctacaacgc 599 
. . • • > I H.M I ii.l M I I I 1 1 1 1 I I I 1 1 1 1 1 II I M II M M I 11 j I 1 M M I M 1 M 1 M II 11 
tobac: 100561 ttctagcgattcacatggcatcatcaaatgatacaagtcttggataagaatctacaacgc 100620 
ribosomal protein S12 1 ^^^^ ^ , 

^^V^- 600 actagaacgcccttgttgacgatcctttactccgacagcatctagggttcctcgaacaat 659 

MMMIMII MlillllllMlliMMiillllllllllllltMllMIIMMIl 
tobac: 100621 actagaacgcccttgttgacgatcctttactccgacagcatctagggttcctcgaacaat 10068C 

ribosomal protein S12 59 SRGQQRDKVGVADLTGRVI 



LCVl: 



660 



gtgatatctcacaccgggtaaatccttaaccctcccccctcttactaagactacagaatg 719 



tobac : 
ribosomal 



protein 



iniilillilllilllIM|||[||||.nill IIIIIIIIIIIMIMIIMIIIIM 
100681 gtgatatctcacaccgggtaaatccttaacccttccccctcttactaagactacagaatg 10074 0 
S12 39 HYRVGPLDKVRGGR .VL VVSH 



LCVl: 

tobac : 
ribosomal 



720 ttcttgtgaattatggccaataccgggtatataagcagtgatttcaaatccagaggttaa 779 

nillll llltilinilMIMIIIilMlllMllMIMINlMllllillllll 
100741 ttcttgtaaattatggccaataccgggtatataagcagjtgatttcaaatccagaggttaa 100800 

protein S12 19 eqlhhgigpiyatiefgstl 



LCVl: 

tobac : 
ribosomal 



protein 



780 tcgtactctggcaactttacgtaaggcagagtttggtttttttggggtgatagtggaaaa 839 

illilMlllltlMMIIMIIIMIIillilill i I H I t I I I I I n I I I i 

100801 tcgtactctggcaactttacgtaaggcagagtttggtttttttggggtgatagtggaaaa 100060 
S12 1 RVRAVKRI«AS NPi(KPTlT 



LCVl: 
tobac : 



840 gt t gacagataagtcaccctt act gccact ctacagaaccg t aca tgaga 1 1 1 1 cacc tc 899 

IfMnillilillllllMlllllllMIMllllllMllilNMII IMINIMI 
100861 gttgacagataagtcacccttactgccactctacagaaccgtacatgagattttcacctc 100920 



LCVl; 
tobac : 



900 atacggctcctcgttcaattctttcgaagttattggatccttttccgcgttcgagaatcc 959 

lIlltlillltllllilllllMIMII i tllMllli lilllllllNltllMII 
100921 atacggctcctcgttcaattctttcgaattcattggatcc-tttccgcgttcgagaatcc 100979 



IiCVl: 
tobac ; 



960 cctcccttcttccactccgtcccgaagagtaactaggaccaatttagtcacgttttcatq 1019 . 

M M ) I I I I I I i I I I I 1 1 I I 1 i 1 i I 1 1 1 I I I i I ) I 11 t I t 1 t t I M I 1.1 1 I 1 I I 1 1 I I 
100980 cc-cccttcttccactccgccccgaagagtaactaggaccaatttagtcacgttttcatg.. 10.1038 



LCVl: 
tobac : 



1020 ttccaattgaacactttccgttttt 

IIIIIIiinillM Ml Hill 
101039 ttccaattgaacactgtccatttttgattattctcaaaggataa 101082 



LCVl: 1045 gattattctctttaccaaacatatgcggatccaatcacgatcttata ataagaaca 1100 

llMlllllMIMMMiMinilllllllMlinilMlllll 11111111 
tobac: 101083 gattattctctttaccaaacatatgcggatccaatcacgatcttatatataagaagaaca 101142 

LCVl; 1101 agagatctttctcgatcaatccccttgcccctcattcttcgagaatcagaaagatccttt 1160 

* IIIIMMM linilllN MMIIMIItlllll Mill II IIINIIIM 
tobac: 101143 aaagatctttcttgatcaatccctttgcccctcattcttcaagaataaggaagatccttt 101202 

LCVl : 1161 tcaagtttgaatttgttcatttggaatctgagttcttctacttcattatttatttaatat 1220 

.^.^^^ m m II I II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M II j 1 n 1 11 1 1 1 i 1 1 ii 1 1 1 ii 1 1 1 1 ii 1 1 1 

tobac: 101203 tcaagtttgaatttgttcatttggaatctgggttcttctacttcat-atttatttaatat 101^61 



LCVl: 



tobac: 101262 



1221 caatatttttgcctctcttttttttatattattccttaagtcccataggtttgatccttt 1280 
liiilMt IMIll nil MIlltlliltllllllllllllMIII 1 

gaatattttc-cctctcttttttttatatcattccttaagtcccataggtttgatcctgt 101320 



LCVl: 1281 



tobac: 



agaattggactcattttctcattgagcgaagggtacgaaataaatcagattgattaaaag 1340 

iniii 111 iiiiiiiiiiMii nil iiiiiiiiiiiiiiiniiiin iiiii 

101321 agaatttgacccattttctcattgaacgaaaggtacgaaataaatcagattqat-aaaag 101379 



LCVl : 1341 cactatgtgaaatattcggttttt tcctcttcctctatcccataggt aca 1390 

i> iiiiiiiii iniiiiiii inn i nnnnnin in 

tobac: 101380 taccatgtgaaatcttcggtttttccccttcctcgatccctatcccataggttaggtaca 101439 



LCVl : 1391 



tobac : 



gtgtttgaatcaatcgagaaccttttcttctgtctgaatcgatattattccattccaatt 1450 

niimiiiim ntiiinnninni iiiinnnninninnn i 

101440 gtgtttgaatcaatagagaaccttttcttctgtatgaatcgatattattccattccaaat 101499 



LCVl: 1451 ccttcccgatacctctcaaggaaaatctcgaatt-ggatcctaaattgacgggttagtgt 1509 

I t I 1 I i I I i I I 1 1 I 1 I I I 1 I 1 ) I I I I I i I ! i i I I I ( I I t 1 i M 1 1 1 I I I i I 1 i I I I 1 
tobac: 101500 ccttcccgatacctcccaaggaaaatctcgaatttggatcccaaattgacgggttagtgt 101559 

LCVl: 1510 gagcttatccatgcggttatgcactcttcgaataggaatccattttctgaaagatcctgg 1569 

IIMIMlllltlllllltlMlillll lIlMllilMI IIIIIIIitllllIMM 
tobac: 101560 gagcttatccatgcggttatgcactctttgaataggaatccgttttctgaaagatcctgg 101619 

LCVl: 1570 ctttcgtgctttggtgggtctccgagatcctttcgatgacctatgttgtgtttgttgaag 1629 

lllllll ililMllllllllMlllllllllllllIlillMI iinii 
tobac: 101620 ctttcgtactttggtgggtctccgagatcctttcgatgacctatg ttgaag 101670 

LCVl: 1630 ggatatctatataatacgatcgattgcgtaaagcccgcggtagcagtggaaccggggaaa 1689 

llllMIIII Mil tllillllllllllllllllllllllll! MIIIMItllll 
tobac: 101671 ggatatctatctaatccgatcgattgcgtaaagcccgcggtagcaacggaaccggggaaa 101730 

LCVl: 1690 gtatacagaaaagacagttcttttctattatat 1722 

Ill H-ii-i-iiiiH-i-iiiiiiM'iM mini 

tobac: 101731 gtatacagaaaagacagttcttttctattatat 101763 

LCVl: 1723 attatattagtcttttctatttaattc " 1749 

IIMIIIII 

tobac: 101764 tagta ttttctattatattaagatatattagactatt 101799 



LCVl: 
tobac : 



1750 atattagattagtcttagttagtgatcccggcttagtgagtcctttcttccgtgatgaac 1809 

lllllllllitll MlllllllllMill illlllllMI lllllll 
101800 atattagattagtattagttagtgatcccgacttagtgagtc tgatgaat 101849 



LCVl: 
tobac : 



1810 tgttggcgccagtcctacattttgtctctgtggacagaggagaaaaggggctccgcggga 18 69 

lllllll litlllllMIIMlllllllMMll ItlMIMlllllllll Mini 
, 101850 tgttggcaccagtcctacattttgtctctgtggaccgaggagaaaaggggctcggcggga 101909 



LCVl: 



1870 



tobac: 101910 
hypothetical protein 127 



agaggattgtaccgtgagagaagcaaggaggtcaacctctttcaaatatacaacatggat 1929 
I i I II I 1 1 I I I I II n I 1 1 1 I t II t n I I M I 1 I i II I M M II t I 1 1 I I 11 I i t 1 I I 
agaggagtgtaccatgagagaagcaaggaggtcaacctctt tcaaatatacaaca tgga t 101969 

I Y L M S 



LCVl: 1930 tctggcaatgcaatgtacttggactctcatgtcgatccgaatgaatcatcctttccacgg 1989 

Mllllllll II lIlllllllIllttlllllltlMIIIIIMMIIIIIIIII 

tobac: 101970 tctggcaatg tagttggactctcatgtcgatccgaatgaatcatcctttccacgg 102024 

hypothetical protein 123 BPL T TPSEHRDSHZMRBVS 



LCVl: 
tobac : 

hypothetical 



protein 



1990 aggcaaatctttgcctgttaggtaacaggatagcaagttacaaactctgtctcggtagga 204 9 

III lllllllllllli III! II IMIIIIIIIIll Mil tlltllllllltlll 
1 02 025 aggtaaatctttgcctgctaggcaagaggatagcaagttcca aa t tct gtctcggtagga 102084 
88 TPRQRSPLLIALBLNQRPLV 



LCVl: 2050 

tobac: 102085 
hypothetical protein 1 
hypothetical protein 68 



catggatctctattactatgaatttcataaatgaagtagtgaatggtggggttaccatta 2109 

I I 1 1 II I I tl I n i II i t I I I I I 1 I I I 1 I II I 1 I II 1 I I 1 I I I I I I M II 1 I I I 1 
catgtatttctattactatgaaattcataaatgaagtagttaatggtagggttaccatta 102144 
MKFINEVVNGRVTI 
HIEIVIPNMFSTTL.PLTVMI 



LCVl: 
tobac : 

hypothetical protein 
hypothetical protein 



2110 tcctttttgtagtgacgaatcctgtatgtgttcctaagaaaaggaatttgtacatttttc 2169 

llllllllillllllllMII IIMMMIIIIMIMIIIIIIilltll lllltllt 
102145 tcctttttgtagtgacgaatcttgtatgtgttcctaagaaaaggaatttgtccatttttc 102204 
15 ILFVVTNLVCVPKKRNLSIF 
48 RKTTVFRTHTGLFLFKDMKR 



LCVl: 2170 gggatctcaaaggagcgtggaaacacataagaactcttgaatggaaatggaaaagagatg 2229 

III IlllMllt Mlllillll MillMIIMNI lltlllllliniM 

tobac: 102205 ggggtctcaaaggggcgtggaaacgcataagaactcttg aatggaaaagagatg 102258 

hypothetical protein 35 RGX*KGAWKR1rtL EWKRD 

hypothetical protein 35 PRLPAHFRmlvrS H.flst 



I»CV1 : 2230 gaactccagttccttcggaaatggtaagatctttggcgcaaaaaaaggggttgatccgta 2289 

KIMIIIinttiil 

tobac: 102259 taactccagttccttcg— : ^ 1022*75 

hypothetical protein 24 V G T G E , . 

hypothetical protein 53 V T P V P S 



LCVl 
Tobac : 



2290 tcatcttgacttggttctgcttcctctatttttttaataataccgggtcgggttcttctc 2349 



LCVl 
Tobac : 



2350 ctacccgtatcgaatagaacacgctgagccaaatcttcttcatgtaaaacctgcttgatt 2409 



LCVl 
Tobac : 



2410 tagatcgggaaaatcgtgtggttttatgaaaccatgtgctatggctc 2456 



LCVl: 2457 

tobac: 102276 
hypothetical protein 6 
hypothetical protein 59 



LCVl: 
tobac : 

hypothetical 



protein 



2516 

102336 
1 



gaatccgtagtcaatcctatttccgatagggacagttgacaactgaatcctatttt-ccc 2515 
I I 1 1 I t I 1 i I I M ) ) t } 1 I M I I I I i I U I I t I i II 1 I I i M 1 I I It Mill II 
gaatcggtagtcaatcctatttccgataggggcagttgacaattgaatccgattttgacc 102335 
SDTTL6IESLPLQCNFGIKV 
ESVVNPISDRGS 

Pacl/Ascl 

attattttcatatccgtaatagtgcgaaaaaaaaq attaattaaqqcqcqco 2567 • 
lllltllllllllMltlMMIIIIIIII I 

attattttcatatccgtaatagtgcgaaaaga 102367 

M I K M 



LCVl : 2568 aggcccggccccaagttgttcaagaatagtgtcgttgagtttctcgaccctttgccttag 2627 

MMMIIl M M M M II 1 I i t i M n I i I I M i i N I I I I I I I I I 1 I i I I lilll 
tobac: 102368 aggcccggctccaagttgttcaagaatagtggcgttgagtttctcgaccctttgacttag 102427 

LCVl: 2628 gattaatcagttctatttctcgatgggggcagggaagggatataactcaccggtagagtg 2687 

Mlit illilllllllllMMIIIII I IMItllillllMlltl llllilMII 
tobac: 102428 gattagtcagttctatttctcgatgggg-cggggaagggatataactcagcggtagagtg 102486 

LCVl: 2688 * tcacccttgacgtggtggaagtcatcagttcgagcctgattatccctaaacccaatgtga 2747 

tllH lMIIIIMI)illlllllMlllinillllllllillllll MIINint 
tobac: 102487 tcacc-ttgacgtggtggaagtcatcagttcgagcctgattatccctaagcccaatgtga 102545. 

LCVl : 2748 gttttgatattttgatttgctaccccgccgtgattgaatgagaatggataagaggctcgt 2807 

IMII II II inillll lliitllli II IIIIIIIIIIIIMMllllllll 
tobac: 102546 gtttttctagttggatttgctcccccgccgtcgttcaatgagaatggataagaggctcgt 102605 



LCVl: 



tobac : 



2808 gggattgacgtgagggggcagggatggctatatttctgggagcgaactccgggcgaatat 2867 

IHIinillllllltllMlillillltlltllllll lllllliniMIIIIIMIII 
102606 gggattgacgtgagggggcagggatggctatatttctgggagcgaactccgggcgaatat 102665 



LCVl: 



2868 



gaagcgcatggatacaagttaggccttggaatgaaagacaattccgaatccgctttgtct 



2927 



tobac : 



lllllllllllllllllllll lllllllllllllMlllllllMllllilMMIIM 
102666 gaagcgcatggatacaagttatgccttggaatgaaagacaattccgaatccgctttgtct 102725 



ZiCVl: 2928' acgaacaaggaagctataagtaatgcaactatgaatctcatggagagttcgatcctggct 2987 

ItllllinilllllllllllltlllllMlilllilllltllllinillllllllill 
tobac: 102726 acgaacaaggaagctataagtaatgcaactatgaatctcatggagagttcgatcctggct 102785 

LCVl: 2988 caggatgaacgctggcggcatgcttaacacatgcaagtcggacgggaagtggtgtttcca 3047 

] 1 I I ] I I I I I i I I I I 11 I I I I i M I I I t I I 1 1 M i i II I I t I I I I I n I 1 M M I i i U ( 
tobac: 102786 caggatgaacgctggcggcatgcttaacacatgcaagtcggacgggaagtggtgtttcca 102845 

LCVl: 3048 gtggcggacgggtgagtaacgcgtaagaacctgcccttgggaggggaacaacagctggaa 3107 

IIIIlNIMlllitltlillMllltllilitltllllMllllllMIMMIIIMi 
tobac: 102846 gtggcggacgggtgagtaacgcgtaagaacctgcccttgggaggggaacaacagctggaa 102905 

LCVl : 3108 acggctgctaataccccgtaggctgaggagcaaaaggaggaatccgcccgaggaggggct 3167 

illMlltllllllllllMI IlIIIMMlllltillllllllllMlMllMilMI 
tobac: 102906 acggctgctaataccccgtaggctgaggagcaaaaggaggaatccgcccgaggaggggct 102965 

LCVl : 3168 cgcgtctgattagctagttggtgaggtaatagcttaccaaggcgatgatcagtagctggt 3227 

II 11 I I 111 Mill II II Mini II tlUIIIIllinillllllllliltlllllll 
tobac: 102966 cgcgtctgattagctagttggtgaggcaatagcttaccaaggcgatgatcagtagctggt 103025 

LCVl : 3228 ccgagaggatgatcagccacactgggactgagacacggcccagactcctacgggaggcag 3287 

iiiiliiiiiiiiiiiiiniiiiiiiiitiiiiiiiMMiiiMiiiiiiMiiiiM 

tobac: 103026 ccgagaggatgatcagccacactgggactgagacacggcccagactcctacgggaggcag 103085 

LCVl: 3288 cagtggggaattttccgcaatgggcgaaagcctgacggagcaatgccgcgtggaggtaga 3347 

II i 1 M I i I II 11 I I ( I I 11 I I I M M 11 I I I i 1 1 1 1 I 1 t I 1 I I t I I 1 1 1 I I 1 I 1 1 I I 1 
tobac: 103086 cagtggggaattttccgcaatgggcgaaagc-tgacggagcaatgccgcgtggaggtaga 103144 

LCVl: 3348 aggcccacgggtcatgaacttcttttcccggagaagaagcaatgacggtatctggggaat 3407 

lUlllllillll lilllllllllllltlllllllllllllllllllllllllllllM 
tobac: 103145 aggcccacgggtcgtgaacttcttttcccggagaagaagcaatgacggtatctggggaat 103204 

LCVl: 3408 aagcatcggctaactctgtgccagcagccgcggtaatacagaggatgcaagcgttatccg 3467 

lllltltllllilinMlllllMlllllllltlllllllMllllllllMlllllll 
tobac: 103205 aagcatcggctaactctgtgccagcagccgcggtaatacagaggatgcaagcgttatccg 103264 

LCVl: 3468 gaatgattgggcgtaaagcgtctgtaggtggctttttaagtccgccgtcaaatcccaggg 3527 

III llltllllllillttllllMllinilMUllllllllltilllillinillN 
tobac: 103265 gaatgattgggcgtaaagcgtctgtaggtggctttttaagtccgccgtcaaatcccaggg 103324 

LCVl: 3528 ctcaactctggacaggcggtggaaactaccaagctggagtacggtaggggcagagggaat 3587 

111 Ml iiMtiiiii iiiiiniiii nil itiiMiiiiiii null tiiii nil 

tobac: 103325 ctcaaccctggacaggcggtggaaactaccaagctggagtacggtaggggcagagggaat 103384 
LCVl: 3588 ttccggtggagcggtgaaatgcgtagagatcggaaagaacaccaacggccaaagcactct 3647 

III iiiiiiiiiniiiiiiiiiiiMiiiiiiiiiiiiiiiiiuni I mil II 11 

tobac: 103385 ttccggtggagcggtgaaatgcgtagagatcggaaagaacaccaacggcgaaagcactct 103444 



LCVl: 3648 gctgggcccacactgacactgagagacgaaagctaggggagcgaatgggattagataccc 3707 

iiuMM iiiiiiiiiiiiMinniiiiiiiiiiiiiiiniiiitininnn 

tobac: 103445 gctgggccgacactgacactgagagacgaaagctaggggagcgaatgggattagataccc 103504 



LCVl: 3708 cagtagtcctagccgtaaacgatggatactaggcgctgtgcgtatcgacccgtgcagtgc 3767 

1 1 1 1 1 1 1 n I in I M 1 n 1 1 n n 1 1 1 M 1 1 n 11 n 1 1 11 n 1 n 1 1 1 11 1 11 1 1 M I 



tobac: 103505 cagtagtcctagccgtaaacgatggatactaggcgctgtgcgtatcgacccgtgeagtgc 103564 

LCVl : 3768 tgtagctaacgcgttaagtatcccgcctggggagtacgttcgcaagaatgaaactcaaag 3827 

.n«« I i I M I M I 1 I I I I I I I N 11 n I I I M I I I 11 Ml I I I I 11 1 I 1 1 I I I 1 1 1 I M I 1 1 1 I 

tobac: 103565 tgtagctaacgcgttaagtatcccgcctggggagtacgttcgcaagaatgaaactcaaag 103624 



LCVl: 
tobac : 



3828 gaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgatgcaaagcgaag 3887 

I I n 1 1 M 1 1 1 n 1 1 III II I II 1 1 1 1 ! I HI II III 1 1 M I ■ 

103625 gaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgatgcaaagcgaag .103684 



LCVl: 
tobac : 



3888 aaccttaccagggcttgacatgccgcgaatcctcttgaaagagaggggtgccttcgggaa 3947 
,no.n. INMIIIIlllllllMllllllllIiriMlllMlllllllllllMMIIMIIU 
103685 aaccttaccagggcttgacatgccgcgaatcctcttgaaagagaggggtgccttcgggaa 10374.4 



LCVl: 
tobac : 



3948 cgcggacacaggtggtgcatggctgtcgtcagctcgtgccgtaaggtgttgggt;taagtc 4007 

. I N I II II I II I 1 1 II I n 1 1 I I III III 1 1 1 Ml I H I I I 1 1 1 I 1 II I I I I I I I I I 1 I I 
103745 cgcggacacaggtggtgcatggctgtcgtcagctcgtgccgtaaggtgttgggttaagtc .103804 



LCVl : 4008 ccgcaacgagcgcaaccctcgtgtttagttgccatcattgagtttggaaccctgaacaga 4067 

,noonc ^ I > » ^ « ' 1 1 M II I M M 1 1 M II 1 1 M M II M 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 11 M 1 1 M 
tobac: 103805 ccgcaacgagcgcaaccctcgtgtttagttgccatcgttgagtttggaaccctgaacaga 103864 



LCVl: 
tobac : 



4068 



ctgccggtgataagccggaggaaggtgaggatgacgtcaagtcatcatgccccttatgcc 4127 
nnoocc ' ' ' ' ^ * ' ' ^ ' ^ ^ " ' » ' ^ > J ' ' ' » > 1 I M M II II M I I I M M M 1 1 I M M M I r 
103865 ctgccggtgataagccggaggaaggtgaggatgacgtcaagtcatcatgcccct,tatgcc 103924. 



LCVl: 
tobac : 



4128 



ctgggcgacacacgtgctacaatggccgggacaaagggtcgcgatcccgcgagggtqaoc 4187 
iniMlllMIMIMIIMIIIIIIMIIIIIIIIIMIIIIIMIIIIIIIMIIII 
103925 ctgggcgacacacgtgctacaatggccgggacaaagggtcgcgatcccgcgagggtgagc 103984 



LCVl: 
tobac : 



4188 



taaccccaaaaacccgtcctcagttcggattgcaggctgcaactcgcctgcatgaagccg 4247 

, «o«oc I » I H I I I I II I I I 1 1 1 I I I M I II I I 1 M It I I I II I II M I I II M M I I 

103985 taaccccaaaaacccgtcctcagttcggattgcaggctgcaactcgcctgcatgaagccg 104044, 



LCVl: 
tobac : 



4248 gaatcgctagtaatcgccggtcagccatacggcggtgaatccgttcccgggccttgtaca -4307 

m.n.. '^4"»"""IIIIMIIIMIIMIIIMIIIIMII MlltllllllMMItll 

104045 gaatcgctagtaatcgccggtcagccatacggcggtgaattcgttcccgggccttgtaca 104104 



LCVl: 
tobac: 



4308 caccgcccgtcacactatgggagctggccatgcccgaagtcgttaccttaaccgcaagga 4367 

•''•^NIIIIIMIIIIIIIIMIIIIIIMMllMIIIIIIIMIIIIIIIMMII 
104105 caccgcccgtcacactatgggagctggccatgcccgaagtcgttaccttaacegcaagga 104164 



LCVl : 4368 gggggatgccgaaggcagggctagtgactggagtgaagtcgtaacaaggtagccgtactg 4427 

voh..- in-.A »>»>»»iN»IMIIIMMIMlMlllMIMIIimiMIIIIIIMIIMIMII 

rooac. 104165 gggggatgccgaaggcagggctagtgactggagtgaagtcgtaacaaggtagccgtactg 104224 



LCVl: 
tobac: 



4428 



gaaggtgcggctggatcacctccttttcagggagagctaatgcttgttgggtattttggt 4487 

.o.oo. ''»^>»»»IMIIIIIIIMI IIIIMIIIIMIIIMIIIIIIIIIIIIIIIII 

104225 gaaggtgcggctggatcacctccttttcagggagagctaatgcttgttgggtattttggt 104284 



LCVl: 
tobac: 



4488 



ttgacactgcttcacaccc aaaaaagaagggagctacgtctgagttaaacttggag 4543 

nn-ooc ii* * ' J 4^ 4» I n M 1 1 } 1 1 1 I II II I I I I M I M 1 1 1 I I II I I 1 1 1 1 M I II I 
104285 ttgacactgcttcacacccccaaaaaaaagaagggagctacgtctgagttaaacttggag 104344 



LCVl: 
tobac: 



454 4 atggaagtcttcatttcgtttctcgacagtgaagtaagaccaag 4587 
.n.o.. '"^Ulllllll MM IMMIIII MMIIMIIMIIIl 
104345 atggaagtcttc-tttcctttctcgacggtgaagtaagaccaag 104387 
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LCV1A~5 ^ AT GAGCTC GTTCAAGAATCAGTTTTCTT3" (100021-100040 in TCG) 

LCVIB-S ' GGCGCGCCTTAATTAA TCTTTTTTTTCGCACTATTACGGATAT3^ (10234 5-102367 in TCG) 
LCVlC-5 ' TTAATTAAGGCGCGCCA GGCCCGGCCCCAAGTT3 ' (102368-102384 in TCG) 
LCVlD-5 ^ ATGGTACCCTTGGTCTTACTTCACTGTCGA3 ' (104366-104387 in TCG) 



Figure 4. Cloning steps and primers for construction of LCV1. TCG = tobacco 
chloroplast genome. 




Figure 5. LCV2 lettuce chloroplast genome target sequence (not including 
backbone vector). 

TCGACAGTGAAGTAAGACCAAGCTCATGAGCTTATTATCTCAGGTCGG7\ACAAGTTGATAGGATCCCCCTTTTT 
ACGTCCCCATGCCCCCTGTGTGGCGACATGGGGGCGAAAA/U^GGAAAGAGAGAGATGGGGTTTCTCTCGCTTTT 
GGCATAGTGGGCCCCCAGTGGGGGGCTCGCACGACGGGCTATTAGCTCAGTGGGTAGAGCGCGCCCCTGATAAT 
TGCGTCGTTGTGCCTGGGCTGTGAGGGCTCTCAGCCACATGGATAGTTCAATGTGCTCATCGGCGCCTGACCCT 
GAGATGTGGATCATCCAAGGCACATTAGCATGGCGTACTCCTCCTGTTCGAACCGGGGTTTGAAACCAAACTTC 
TCCTCAGGAGGATAGATGGGGCGATTCAGGTGAGATCCAATGTAGATCCAACTTTCGATTCACTCGTGGGATCC 
GGGCGGTCCGGGGGGGACCACCATGGCTCCTCTCTTCTCGAGAATCCATACATCCCTTATCAGTGTATGGACAG 
CTATCTCTCGAGCACAGGTTTAGGTTCGGCCTCAATGGGAAAATAA/^TGGAGCACCTAACAACGCATCTTCAC 
AGACCAAGAACTACGAGATCACCCCTTTCATTCTGGGGTGACGGAGGGATCATACCATTCGAGCCTTTTTTTTT 
CATGCTTTTCCCCGAGGTCTGGAGAAAGCTGAAATCAATAGGATTTCCCTAATCCTCCCTTACCGAAAGGAAGA 
GCGTGAAATTCTTTTTCCTTTCCGCAGGGACCAGGAGATTGGATCTAGCCGTAAGAAGAATGCTTGGTATAAAT 

aactcacttcttggtcttcgacccccgcagtcactacgaacgcccccgatcagtgcaatgggatgtgtctattt' 

ATCTATCTCTTGACTCGAAATGGGAGCAGGTTTGAAAAAGGATCTTAGAGTGTCTAGGGTTGGGCCAGGAGGGT 

ctcttaacgccttcttttttcttctcatcggagttatttcacaaagacttgccatggtaaggaagaagggggga 
acaggcacacttggagagcgcagtacaacggagagttgtatgctgcgttcgggaaggatgaatcgctcccga7uv 
aggaatctattgattctctcccaattggttggaccgtaggtgcgatgatttacttcacgggcgaggtctctggt 
tcaagtccaggatggcccagctgcgccagggaaaagaatagaagaagcgtcagact attaattaaggcgcgcc c 
atgcatgctccacttggctcggggggatatagctcagttggtagagctccgctcttgcaattgggtcgttgcga 

TTACGGGTTGGATGTCTAATTGTCCAGGCGGTAATGATAGTATCTTGTACCTGAACCGGTGGCTCACTTTTTCT 

aagtaatggggaagaggaccgaaacatgccactgaaagactctactgagacaaagatgggctgtc/vagaacgtc 
aagaacgtagaggaggtaggatgggcagttggtcagatctagtatggatcgtacatggacggtagttggagtgg 
gcggctctcctagggttcccttatcggggatccctggggaagaggatcaagttggcccttgcgaacagcttgat 

GCACTATCTCCCTTCAACCCTTTGAGCGAAATGCGGCAAAAGGAAGGAAAATCCATGGACCGACCCCATCATCT 

ccaccccgtaggaactacgagattaccccaaggacgccttcggcatccaggggtcacggaccgaccatagaacc 

CTGTTCAATAAGTGGAACGCATTAGCTGTCCGCTCTCAGGTTGGGCAGTAAGGGTCGGAGAAGGGCAATCACTC 

attcttaaaaccagcgttcttaaggccaaagagtcggcggaaaaggggggaaagctctccgttcctggtttcct 

GTAGCTGGATCCTCCGGAACCACAAGAATCCTTAGTTAGAATGGGATTCCAACTCAGCACCTTTTGAGTGAGAT. 

tttgagaagagttgctctttggagagcacagtacgatgaaagttgtaagctgtgttcgggggggagttattgtc 

TATCGTTGGCCTCTATGGTAGAATCAGTCGGGGGACCTGAGAGGCGGTGGTTTACCCTGCGGCGGATGTCAGCG 

gttcgagtccgcttatctccaactcgtgaacttagccgatacaaagctatatgacagcacccaatttttccgat. 
ttggcggttcgatctatgatttatcattcatg . . . 



F^/W (16 bp) 
< 1,242 bp ^^^^P — ► 







trn 1 




trn A 





LCV2 (6,182 bp) 

- PGR 2.1 (3.929 bp) 



Figure 6. Map of LCV2 (6,182 bp). 



Figure 7. LCV2 lettuce chloroplast genome target sequence alignmened with tobacco 
chloroplast genome (G« Z00P44). . w.m looacci 

LCV2 : 1 tcgacagtgaagtaagaccaagctcatgagcttattatctcaggtcggaacaagttqata 60 

tobac: 104366 tcgacgatgaagtaagaccaagrtcatgagcttattatcctaggiigglaialgiiiiil 104425 • 

IrfW2 : 61 ?yf'?f?f«""tacgtccccatg--c^^ 118 

III III! iiiiiiiiimiiii III) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 iTi 

tobac: 104426 ggacccccttttttacgtccccatgttccccccgtgUiciicaiigiiicillUalig 104485 . 



LCV2 : 119 
tobac: 104486 

LCV2 : 179 



aaagagagagatggggtttctctcgcttttggcatagtgggcccccagtgggqgactcac 178 

iNimi iiiiiiiiiiiiiiiiMiiiiiriiii III 1 1 1 II in MM 

aaagagagggatggggtttctctcgcttttggcatagcgggcccccagtgggaggctcgc 10454 5 , 



t??f?????5?!'?^^'''^''*^'^559'=^5^5cgcgcccctgataattgcgtcgttgtgcctg 238 

miiiiiiiiiiiiiiiiiiii imiiimimiiimiiiiniiiiiiiiii 

tobac: 104546 acgacgggctattagctcagtgg-tagagcgcgcccctgaiaitigcgiiiiiiiiccii X04604 



LCV2 : 239 
tobac: 104 605 

LCV2 : 299 



ggctgtgagggctctcagccacatggatagttcaatgtgctcatcggcgcctaaccctaa 298 

imiiiii!ni(iiiiii,,,,,,,,nMiMiiiTiM 

ggctgtgagggctctcagccacatggatagttcaatgtgctcatcggcgcctgaccctga 104664 



?t?????f^?^?''''^^^^''^''^^^^5''^^9^^9^^^^^ctcctgttcgaaccggggtttg 358 

'*'«>'»»nii 1 1 111 nil Jin II IN 1 1 III II II I III II m 

tobac; 104665 gatgtggatcatccaaggcacattagcatggcgtaciiiiiitgUciliii^ 104724 



I.CV2 : 359 
tobac: 104725 

LCV2 : 419 



?T??MT??r?M???t?????f^t?f!'^^^^''^^^^^^^9^^^9atccaatgtagatc 418 
limilMI IIIIMIIIIIIIIIillltlllDIII IMMIMIINMINNl 
aaaccaaactcctcctcaggaggatagatggggcgattcgggtgagatccaatgtagatc 104784 



?tt??M??????t????^'???f?????^''^^'=^9^«^^999^^<=^^^c«^39Ctcctctc 478 

« ■ ^ I ^ " * M i n 1 1 M I III 1 1 1 1 1 I II 1 1 1 1 IIMMI iiiiiimi 

tobac: 104785 caactttcgattcactcgtgggatccgggcggtccgggggggai^IiiLiic^^^^ 104844 

LCV2 : 479 ^^^^^^"^f ^cccttat^ 538 

I J N M I I 1 1 II I I I M I I 1 1 I I I I I I 1 1 1 1 1 I M 11 I I III 

tobac: 104845 ttctcgagaatccatacatcccttatcagtgtatggacagiiiicic^ 104904 

LCV2 : 539 taggttcggcctcaatgggaaaataaaatggagcacctaacaacgcatcttcacagacca 598 

tobac: 104905 til cllii^il ^ ' ' H « I I I I Ml I M M M I I I HI I | | | | Mi | | | |l I 

i:oDac. 104905 tag <=aatgggaaaataaaatggagcacctaacaacgcatcttcacagacca 104955 



LCV2 : 599 
tobac: 104956 



t?ft??t??t?t^?^??f°*^^*'''^*'^''*=^^^^^^^^59^9ggatcataccattcgagcc 657 
^'^l^'^'^'^'' MIIIIIIMIIIIIIitllMlllllltl IIIIIIIMIIII 
agaactacgagatcgcccctttcattctggggtgacggagggatcgtaccattcgagcc 105014 



LCV2 : 658 

tobac: 105015 gtttttt 



105021 



(231 bp present in lettuce maize, rice and soybean but not tobacco) 



LCV2 : 896 tcttgactcgaaatgggagcaggtttgaaaaaggatcttagagtgtctagggttgggcca 955 

IIIIIMIIMIItlll IMIllMlllllllllllllllllllllllllllllllllll 
tobac: 105022 tcttgactcgaaatgggagcaggtttgaaaaaggatcttagagtgtctagggttgggcca 105081 

LCV2 : 956 ggagggtctcttaacgccttcttttttcttctcatcggagttatttcacaaagacttgcc 1015 

lllllllllllillMtltMMIIIlMlllIlttllllillllllMI lltUIMII 
tobac: 105082 ggagggtctcttaacgccttcttttttcttctcatcggagttatttcacaaagacttgcc 105141 

LCV2 : 1016 atggtaaggaagaaggggggaacaggcacacttggagagcgcagtacaacggagagttgt 1075 

i lllMllllMlillilllill llllllllllltlllMillilllillllllllll 
tobac: 105142 agggtaaggaagaaggggggaacaagcacacttggagagcgcagtacaacggagagttgt 105201 

LCV2 : 1076 atgctgcgttcgggaaggatgaatcgctcccgaaaaggaatctattgattctctcccaat 1135 

i 1 i I MH i ( I I i M 1 I 1 I 1 I M I 1 1 I 1 1 1 1 I 1 I i 1 I I 1 1 1 1 1 1 1 1 I i 1 1 I I 1 1 I I I I M 
tobac: 105202 atgctgcgttcgggaaggatgaatcgctcccgaaaaggaatctattgattctctcccaat: 105261 

LCV2 : 1136 tggttggaccgtaggtgcgatgatttacttcacgggcgaggtctctggttcaagtccagg 1195 

lljlHIIlMinitl IMIMMlllMtllMinitttlMllil llliinitll 
tobac: 105262* tggttggaccgtaggtgcgatgatttacttcacgggcgaggt^ 105321 

LCV2 : 1196 ' ■ atqqcccaactqcqccaqqqaaaaqaataaaaqaaqcqtcaqactc ct-taa-ttaaqgfcqcqce 1258 

[lIMllllMilllMilllltlltlllllllllll II nil III 
tobac : 105322 atggcccagctgcgccagggaaaagaatagaagaagcatctgactactt 105370 

LCV2 : 1259 catgcatgctccacttggctcggggggatatagctcagttggtagagctccgctcttgca 1318 

iMilllllllinillMlllllUiillltillllllillllilMI llilM iini 
tobac: 105371 catgcatgctccacttggctcggggggatatagctcagttggtagagctccgctcttgca 105430 

LCV2 : 1319 attgggtcgttgcgattacgggttggatgtctaattgtccaggcggtaatgatagtatct 1378 

I I 1 1 i I 1 t I i I 1 I 1 I 1 I I I 1 1 I I M i 1 1 1 1 I 1 1 1 i I i i I i 1 1 i I It I I 1 I U I I I M i N 
tobac: 105431 attgggtcgttgcgattacgggttggatgtctaattgtccaggcggtaatgatagtatct 105490 

LCV2 : 137 9 tgtacctgaaccggtggctcactttttctaagtaatggggaagaggaccgaaacatgcea 1438 

llllilllllllUiMlllllllIlllllllltlllllllllilMtlllMI IIMI 
tobac: 105491 tgtacctgdaccggt:ggctcactttttctaagtaatggggaagaggaccgaaacgtgcca 105550 

LCV2 : 1439 ctgaaagactctactigagacaaagatgggctgtcaagaacgtcaagaacgtagaggaggt 1498 

lllMIIIIIIIIIIIIIIIIIIIMMIIIIIllllll IIIIMIIIIIl 
tobac: 105551 ctgaaagactctactgagacaaagatgggctgtcaagaa cgtagaggaggt 105601 

LCV2 : 1499 aggatgggcagttggtcagatctagtatggatcgtacatggacggtagttggagtcggcg 1558 

lllllllllllllMMIIllllllll U(llllllIlllltllllilllllMNtil I 
tobac: 105602 aggatgggcagttggtcagatctagtatggatcgtacatggacggtagttggagtcggcg 105661 

LCV2 : 1559 gctctcctagggttcccttatcggggatccctggggaagaggatcaagttggcccttgog 1618 

I I II I II II M t I 1 1 I I 111 t MM M M I 11 M I I (M I M M M II M I I It I 
tobac: 105662 gctctcccagggttccctcatctgagatctctggggaagaggatcaagttggcccttgcg 105721 

LCV2 : 1619 aacagcttgatgcactatctcccttcaaccctttgagcgaaatgcggc aaaagga 1673 

MIIMIIMllMMIIllMMIMMIMIIIIltllllMiMi IIMHI 
tobac: 105722 aacagcttgatgcactatctcccttcaaccctttgagcgaaatgcggcaaaagaaaagga 105781 

LCV2 : 1674 aggaaaatccatggaccgaccccatcatctccaccccgtaggaactacgagatliacccca 1733 

MM IMIMMMItlMMMMMMMIIMMMMMniMI MM M MM 
tobac: 105782 aggaaaatccatggaccgaccccatcatctccaccccgtaggaactacgagatcacccca 105841 



LCV2 : 1734 aggacgccttcggcatccaggggtcacggaccgaccatagaaccctgttcaataagtgga 1793 



Illlllllllllllllllllflllllllllllllllllllllll,,,,,,,,,,,,,.,, 

tobac: 105842 aggacgccttcggcatccaggggtcacggaccgaccatagaaccctgttcaataagtgga 105901 

tCV2 : 1794 acgcattagctgtccgctctcaggttgggcagtaagggtcggagaagggcaatcactcat 1853 
tobac: 105902 acgcattagctgtccgctctcaggttgggcagtcagggtcggagaagggcaatgactcat 105961 

: 1854 tctta 1858 
I 

tobac: 105962 t 105962 

nigrum, Arabldopsis, Soybean, rice and wheat) present in spinach, Solanum • 

W:V2 : 1956 cttagttagaatgggattccaactcagcaccttttgagtgagattttgagaagaottact 201S 

I H n I N II I n I H II I M I M II 1 1 II 1 1 1 II II I mn mm I 

tobac: 10S963 cttagttagaatgggattccaactcagcaccttiUaiUaiiiiiUitUUIgitiii 106022 
LCV2 : 2016 ctttggagagcacagta^^^^ 2075 . 



tobac: 



''''''''''''''"'''iMiMiiiiiii riiiiiiiiiiiiiiTTiTiiiiiTiin 

106023 ctttggagagcacagtacgatgaaagttgtaagctgtgitcggggggiliiiliiiUil 106082 



LCV2 : 2076 
tobac: 106083 

LCV2 : 2136 



I Ml Mini iiiiiniiiMiiiiiiiiniiiiiiiiMiiiiiiiiiiiiiiiiii 

tcgttggcctctatggtagaatcagtcgggggacctgagaggcggtggtttaccctgcgg 106142 



tobac 106143 ' ' ' 'I'l'"^^^ 

tobac: 106143 cggatgtcagcggttcgagtccgcttatctccaactcgtgaactiagccgailcaUici 106202 

LCW2 : 2196 ^^^'f f ^3^^««^tttttccgat« 2253 

. . "llllilllllll I I I I II I II I II Ml I III I I I III I 1 1 

tobac: 106203 ttatgatagcacccaatttttccgattcggcggUigiiciliiaiiUiclUiUi 106260 
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LCV2A 5'TCGACAGTGAAGTAAGACCAAG3' (104366-104387 in TCG) 

LCV2B 5^ GGCGCGCCTa?AATTAA GGAGTCAGACGCTTCTTCTATTC3 ' (10346-105370 in TCG) 

LCV2C 5 ' TTM^OTAAGGCGCGC"C CATGCATGCTCCACTTGGCTCGG3 ^ (105371-105393 in TCG) 

LCV2D 5'CATGAATGATAAATCATAGATCGAAC3' (106234-106260 in TCG) 

Figure 8. Cloning steps and primers for construction of LCV2. TCG= tobacco 
cliioroplast genome. 
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Figure 9. Map of LCV1 MSK18 (9,692 bp). 
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Figure 10. Map of LCV2-MSK18 (8,329 bp). 



LCV2-MSK18 



Pad (8bp) 



n 



16$ 



trnl 



- MSK18 cassette (2,147 bp) 
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aadA 



psbA-3' 



P4 



tm4 



25S 



(1 .242 bp) (73 bp) (740 bp) (149 bp) (793 bp) (392 bp) (996 bp) 



P1 + P2 = 1415bp 
P3 + P4 = 2006 bp 
P1+P4 = 4623bp 

PI 5' -ACTGGAAGGTGCGGCTGGAT-3^ 

P2 5'-ACGAGCCGGATGATTAATTGTCAATTAATTAACTA-3' (MSK18A comp)- 
P3 5»-AAGTCACCATTGTTGTGCACG-3' (starts at 259 bp on aadA CDS) 
P4 5 ' -CTCGCCCTT7\ATTTTAAGGC-3 ' 

Figure 11. Primer combinations used in PGR analysis of transplastomic 
lettuce callus. 
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Figure 12. Agarose gel electrophoresis of PCR products from 
reactions with primer pairs P1+P2, P3+P4 and P1+P4 and 
template DNA from spectlnomycin resistant putative 
transptastomic callus sample B (TP) and non-transformed 
wild-type callus (WT). 



PI -P2 left border fragment consensus sequence 

Primer Pl-> 



^^v-ca->=ijcvza left border ^---w 
GAGCACCTAACAACGcSCT?SSGlc?S2SSSr?IJrJS»7^^^^ 

gatcataccattcgagcctttSS?tcSSc??5??c^^^ 



CGCCAGGGAAAAGAATAGAAGAAGCGTCTGACTCCc "^.TAAlS^^ 

P3-P6 left border fragment consensus sequence 

Primer P3-> (aadA gene) 

.ggct,„cttgg«o«.gSS§S?^S?SS?SSSS??SS?^ 

AGAGCTATATTCGA [GGCGCGCCl CAran.n^n.n-.r^r^. 



tcttgtacctgaaccgSgS5SSS?SS^^^ 
ctctactgagacaaagatggStg5?IIgISJct?I?JI??S?^^^ 



SgccSSSScgSSa^^aggggggaaagctctccgttcctggtttcctgta^ 
^?acS^?otaStagaatgggattccaactcagcacctttt^^^ 
?S??SSa^gcaSgtacgatgaaagttgtaagctc^^^ 
c5mgg?S5?S?cgggggacctgagaggc^^^^ 

cgctS^tcSactcgtgaacttagccgatacaaagctatatgacagovcccaatttttccgatttggc^ 

Primer P6 
a g^cQiitaaaatiteacraacgag 



